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ABSTRACT 



■ 8ackgmu«d 

Skn mophy is a rorrrnort mam^estatjor' of agiig and t% ^-equent'y accornpansea by 
ufcf^ralion and deiaved woiir>d lea ing VVr.*i ao rcreasiogiy agsng patient popufatfon, 
managemen: of skn atrophy (s beto.^ !ig "lajof chaiienge n tht> dirsii., jjartKUiarly in Itght of 
I the fact that there are no effective therapeutic options at present, 

I Mdtht»d$ and Findings 

Atrophic sktn dispteys a decreased hytituronate (*^A\ content ?nd exp'-esson of ti^e -^a^ot ce ' 
ssjii.Kf iw ji'jrorisfi? feci'plor, h ,jn «flor to de^-ebp a i:nerap«;uti^ n'. 't 'jy k <.ki''' 

it^ip'iv, c-fidfi ssfd the orfect o* tcpica acsr^inistration of defined vze ir-s jnvth^ 0 iA5 ' 
on sKir trophicity Treatment of primary keratsnocyte cultures with interrfii^ds-iH' ^ if HAS" ,hAi^i 
t 50,000-400000 Da) but not with smati-Size HAF (HAFs; <S0,000 Da) or iarge-size HAF (HAFi, 
>4OO,000 Oa) induced wtid-type (wt) but not C044 deficient !C044 ' ) keratinocyte 
pfoltferation Toprcaf applscatton of HAFi caused mailced epidermal hyoerp assa n wt but r,ot 
n CD44 '' mice, and significant skin th'cKe-itng tn oatients with age or corticosteroid-related 
skin atrophy The effect of HAFt on k^rjxinoc^ie prohreration -f^as abrogated by antibodies 
against heparin-Dinding epidermat grovvth factor {HB-EGF) and its receptor, erbBl, which form 
a vonpex with a particular isoform of C044 (CD44v3) and by tissue mhibttor of 
metailoprotesnaseS 01MP-3): 



Our observattbns provide a novel C044^eperidertt itiechanisrtt foi- HA oljgosacchande- 
induced terstinocyte prolifefation and sugigest that tbpica! HAFi applkatton may provide an 
attractive iherapeotic option in l^umant si<ih atrophy. 



The Mms' Summary of this afttcls folSom the svftreuixs- 
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introduction 

«fi idhv h If, fc.\pt iJ K'lidi es dti.L sugjcs ih u fit fn t«f' 
S>j ^ Kn i h pwi .jji vK.itit fi> -111 mitt <,H\) 
rti 1 . tl'l 2 huh V »vs ><. 1 itM iMth mpan<d H(\ 
j.i'=iibt)j!Mi. ji^ciK p L^w^t^K f ill d urdci 

t -Si- HA « liie most ab«ridaj>l gjvwwamiisogiycaii m cuianeoiis 
tissues [4j and ss deposited in the e«rac«iiuUv Matrix as a 
high moid ular-weight polymer ricAtage of the HA poivmer 
durmg tiissuc temodrtmg gives iiw to ioyrej ijwSec ulai vtetgtil 
iragments th<it iK<m a vanrts ot CO 14 Jiit-fJiaied , li1uJ?j 
roptjnws iml'jdjrg pji-lift-'i'jon nrug-dtit p and <.\ti>ki k 
withevis luneis ng (knc iij^g' ^ts that cllt.t,^) ie'>j>'jn't's 
f hcittd U U-i d p^.-id on he si^t of H\ otigo' !C<.li4iKit,'> 

ti>- Ai.ru t-U h.t no. fiVivc H\ pjlv^KT or H\ 
d'v ttiiaudcs <, >uld ^(sn-iie Ra> md i'jiU Uuaoi tcsli n 
a Ciir d«{>etid«ii fn^hjon p,, V,0(iO- to 2«0,0{>0 Da HA 
preparations were shown to stimulate < J)44-ffiediated cht> 
isaokuM gtnt cxpre^ ion n aivee-ia^ niicjopbij><'i lb) HA 
ohgo dcchande* ha\( fae^,!^ jcpnr'td t ■> siciiitf soiJ I>ki, 
receptor mediated re pouv a it. *i lUhI <, ijv ^ jna >rK 
!< tra and hexa acth jr rfe HA i!a tt ts h<i t be-i ob (.^L^tcf 
JO ^ndu^-i itjita'inophts otvpsc nsiUisrasiou of humaa dcti- 
dii K (.1 is [W] 

tt iulai stvpjis s Ui ^\ lit pri luuiv taediaied bv CD44 
*iic m 131. bn)4dh "xpre v^a vt 1 iiua<e HA receptor who!>e 
tufttuot! ts regvdaied ai ti-aascnptional, traKsJational. and 
post-traHslational kvds. ISacpression ieveis, variant isofotjH 
eitttion 3 id ghto vJaiii i» .dl plat xa important roie in tht, 
4biht\ of t D44 lo biiQ J . ' 2 IV < aimp of H>> poKment 
siPKti le H^ -dj u«- !i! X stvi.d f inolecoles «» th« 
ui ic( d ell 11 t * 1 a 1' V L<.! <,>ed to he es etitial m 
ngge^ng pro jt( lat. t i-vi i u d t>r-^ UK"~it> s Mgn i 
ill HAmcdwttd tliJi « r i i i i i . mir: * 
e{?((.t dcpcKitig- iliei ii pm on i le t D4 1 m ! n } 
>• (jnpSKate'i 3.l1 Rfi birtdi it. liiu 1 1 nou t A^iai^mjii-v ai d 
u ennL e lU^eu H \. < sndiKt heparan uliate-Kanig 
T,-ijia Its of Cli44 tC D14\'' * .ecnm ndl wrtate complex 
!bAt ji fuldc K f.ie Anoprt.tfjHd.st t\LMP 7) heparin 
biiidi . dik v,i >vdi t) K.r H3 LGt) prtciirvoi 

't ! i n 5- f » i .f Pi 1^ MMP 'n< i ) cd im 

t ^!( li X Hi i li Jll^tfs pj )<■>} Cplt lehlf (ttl 

^UJ^ \ai 1 ih tn ji>, m^jn i i irui , ^stf^frtur. 

Jtdi ill Ci)^^^ <!of , ii,s aT< x;fc d i ti erat It 
ivtei. A-K-e H.\ his hi 1 s,ii.ivii !<.,datt kt i t 'o u< 
rnohfer lo- { D44 m lu-ii ap^ lats io pl?'v ais iwpou nt 
roic m inasin^ining HA hoauotu I in km tS] at d ii ievcl 
app<Av to correlau wth km tiophituv I has deotdjud 

t idcrqia' CDH etprts ion is aivsciattd y^nh !he patho 
~ K IS t jr up 1 >>/ 1 iisnidt.T kn ssi is h h< ti 

fi^ 1 !)Jk t upti idni nist ! i >* i f i m 
1 1 ist kii ! I. >i! 5 n I -1 U u 1 isL > , ^ rid H \ 

vRthase iHASV CT^Jiess o i jth <.oi >rf itaiii in roas ji 
TiAcepo ition 115] io e i f ic .t met ii .r^ whcubj H\ 

ntjfht mdtue Veratinotv c } !< Ut-r tsoi -ind to 'letermiiic 
*he respmise oi tht tpidcnu to n pphta* ii \no v%t 
«*-imined the cffttt H^T oi vai>tftg *i£e on m >iHO- 
( uh jied inoit-s feeraimocyie giomh and km t^ophiciu of 

^ PLoS Mt'dtdop wwv. pio (Tiedtctneorg 



s < Jd (wn iml (1> 5 ,1 SkHl !j o.os n i s 
as rnr^i^ii i itJ -[>h i. ,s ,! ! n -e.'i < > „ o stna i s 

smhf iL i.At iiXi' t ^<tO(i ! ^ia dctacd a> uUtt- 

mpdtatj sv (HV= i j- i u UiMtJotytt prohferatfoo 

and ikir hvperpia la b) a ID'i pi nfunx methaaisnj that 
retjurcs orateoh^K aiU^^tvoii oi HB~tOi a»d ersj^agenient 
oferbBl. 

Meth<»ds 

PreparatioR of HAFt 

HA Iroja rooster comh (1A.1 , it i tl nit ippbratiou v\as 
pro^jded bv ir^Jlshlisio^^^ i ip 'tsu-w sansb^i>.i<iii com) 
liiTCf tvpcs ot n\ 'lofi IVL %^'lc usid U; HAH high 
mokt «!at weighi H\ ^lA^ (2) HAti I'^agjiM ^mtion ptod 
»ctso{HA.of fit rf.u.n suet's, ',0«~ 100 OO j (s,, oupai'-d 

S'iiMV o-i itt h< fngAd !s vvtr > , i ■,< p a u >!a 
S>(*phsKJvi V40« HR J X tw s/e i i-i ^ ' iilt , s >!! 
rolwmn i,Fhtrmacia Diagaositi «^ 1 i»i. t ^ I i\i ttunt fhc 
rolumn wa calib ittd u rag P n ! i >> j ij. d <^>-ts« i 
Denko http//»ww»hoT*ade«koti>.ni i v, 20 000 lo 800 00' 
D*i Frartsons (iOO) of 10 ml t<n.h wtrt. tolkcttd from the 
coltwaw wjili a irac 100 iraenon eolkctor (Pharmacta. http^il 
«»vf phanHacia».otn> at a flow late of S nUmn Ihc liA 
to)Mi nirafion of each «»pk « ts c.nsrt a loiori 
^ \i OS gf «<<stam«[ to a B* ' h< ii- assav ard 

ii ( Utii !i ■'lohlc toj ii< t ^fni-rt t /) o> i ritd I it 
1 <sstjoj orre yo^c^mg u i-r jt><n>(i 4)0 !i)0 Da stoi, 
pooled d d 7c-i agaii si d sis 1 d isa't a) (i > } i 
HXl- mi! lia^nt^la i r produt <; fH^ ! tUi (M)0 ^ i 
wite sjenetated b> tmsm u< digp-ii ori o ii^h ^iOlet.aJaf 
weight HA with bovine testis hyalwronidase tSugma. Bttn-w 
wttWitgraaaSdrtchcoiB) for 1 h at 37 C (. I totitii 
acetate btff^r 01*5 M NaH and hnV. JDI^ pt 0) 
nophJjzt-ci Th( <')^j,-jitn's ^-c t , raud h\ t^'t pohain 

lYwd t. ! liis Lk r.itw) 1 ^dt i.ht. ihiii^Lai 
WtK IK '.ivT tain !/ )t H 1- >1 >.>ih ) i <ic, « we'- 
prcpiied m iht itui.i oi treajji bs tht sant th.^ ' 

Treatment of Mice 

Group of five aduU (^-i n.o id\ SKHl hair e«i DBA/i 
(ihcjjtKson Laboratory, bttp '/*vwvjaxorg) ot tl>44aefi 
It ( D '4 M mice 113] were ij <-d HA* (0 29f ) or vehnU 
ct mi ■> >n p t g w< jt spplitd tvsitc da»i\ for -S d to the 

do >1 ss. n )i ShHl haiT'pss >jS\] CDl^ tuct 
B,( um ted ( \ HA^ s Ii if.tr ht p fvsst t t> >jrtr 
cc m n ij o^t j ^t^lI ^ittu vt\ss sijitnt t m as. ajipi d 
ttmc d«.v tor ^ d o« tU b«.<.K skiji ( -sKiU h u tsi mi 
Ti"V (Stgin.1. 0005^ olimoti m w i nt y. ipp i u Kt 
dail% foi -5 d to the dorsal skin of DB <V I )r ( D U i ji 
AetntaU were kiUed S h alter the last appiitaunrj .'^Jl 
txpcriTOCttt* »tre approved b\, thi fthtcal Conmiii ton ot 
Animal ExpermietHatton of the l'n>\er<iil^ ol Gtneva and the 
Catitotial Veterinarv Ofistc of Geneva. 

T estrrent of Hedfth) Prf.tiupdri dnd ^'attents 

Sf\€tt h« )th\ vo d^i ! rits bftvffii 'o i,d 

1> > {Tieii dgt. 2f % t iii hc^hf vMinti in mtiio- i i,c 
witliout hormone rcpiac«t,vetit Iherapv hclweca bS and 85 v 
(tiieai! age 80 thiee p*ticnt vv th advarted age related 
ikio atropliy {two ieniaies. otic male) between 60 and iiti v 
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{iiicjji jigtr, 76 y) .t;\d shift' paiiciits with ^kiii atrophy duo. to 
pvoioiiijcd ijic of orai i (ntk a^aerukh for rhcutaaloici arthriiis 
(three females) between 74 and 86 y {mean age, 81 y) were 
included in this study after oblamiag informed comeat- 
Clinical studies were conducted with the atithomation aad 
at.cordiHg to tfie guidchtK-s of Ethical Coruniissiori on Human 
Research uf Use Uiiiversity Hnspilal of (k-tieva. H.'^Fi (S 7v) or 
vehitk- crcaisi sainpies of 0.5 g were appitcd twice daily for I 
mo on the [josterior side of the righi. ot left ann, lespeflivcly. 

Histoiogy 

Dorsal skttJ .samples wete fixed itj 10% phosphatc-huffered 
fonjwideiiyde, errsbctlded in paiaJfin. aivl protessed for 
.histoiogi<al a!!aiysi=. ScctK-.'ns weve cut 5 (Am. sa(j«tited 
onso slide.';, ;jiiq staii-icd with fiem.uoxyiin-eosiii. Sirins red, 
and van {jicsotx eiastiri According to s-arsdiird proeedtire.'S. 

Staining of Skin Sections for CD44, C044v3, HA-8fnd(ng 
Protein, Ki-67, Biotinylated HAF, Vimentin, FiSaggrin, 
Lorlcrin, KT4, and CD31 

Paraffin-ernbedded isections (5 ftm) were jMounted onto 
slides, dewaxed in xyfene. rekydrated in a graded ethanol 
series, and prepared for in-jmurioperoxidase staining accord- 
ing to standard proct-Auves. Fnmarv ^nnSjudics !ni;Stidcd 
ant>.CD44y» ;i:tfiO, Bcndet .McdSystems. hitp.;.'v»^vw. 
benderrned.sys!omico:n), .ijjti -Ki-67 (I SO: fiako, http-./.Wsv. 
dako.foiut- a!U< iiia^grin <li7;\i0; .-\b«.arn, http:/iw>vw. 
abcam.t.\>f5tl anti-ioricriii (l aOO, Ahcum); atiti-KM (MOO; 
Ntnocastra, http..'fwww.i5civocastra.<:o>»k.), and a«ti-CD3l 
(l;l(iO; Dako). Aflcf staining with the primary reagent for 1 
h at xGosxx tcmperawre, sections were washed, incubijtea with 
bioDtjyIated Eillinity-'pttriiied secondaty antibody or with 
biolinyiated 3t!i:s-CD44 {3.5 tig/tnl; PharMingen, httprf/www, 
hdbi(>« ieiicf-s coxa) or HA-binding protein (HABP, 26 «g/ml; 
Seik-igaki; Kogyo, Japan, hup://ww seikagaku.co.jp) for 50 
ruin at r(som terf)pfi;iturt:, washed, and treated with a«dtn- 
bicjtin-peroxids-if- ioT miu at s(.>orn tempeta,tuic The 
scctiotjs were ihcx! i^aihed v,ith buffer and incubated in 
0.05% DAB f3,3'-diaminober!i:idine; Sigma) and 0,03% HaOj 
in phosphate buffer at room tCHiperature. Oryosiai seetiofts 
(5 Jim) of ski» sanipaes of «itce treated wiiii biotinylated HAF 
were frozen in iiqwid tntrogen, taoanted onto slides, air- 
dried, atid itjciibated wsih afjti-vinientiis aotibody <i;20; Satua 
Crux BiotechrsoiogY, bi!p.;7ww.scbi.!:ou!) for 1 h at room 
temperature. The scction.s were then washed and incubated 
with biotinyJaied itntnunogiohiiiin.s foi ann-vuncniin Hjvi- 
body and then scrtrptavsdm-Fn C fi,r>0(J: Invittr,.;;-'; 
ww.snvitrogen.eom) and sitepiavidin n^udaini-u, : .'.i)" 
Pierce Btotechnology, http:/Avww,piercene(..c(jm). Aj; .sections 
i^eve exarstiiied lirider a Zeiss axiophoi micioscopc {httpill 
v>, v,v.?.ei-is.<.(ir!i) using appi-opriale ftiters^ 

Hyaiuroiiidase Digestion 

HyaiiirotncJise iieatment of tissues vras performed by 
incubatiti^'- she tissne sections with 1,5 }^/ml bovine testicular 
hyaluronidase (.Sigma^, ir( phosphatc-biiffered saline (PBS) for 
5 h at 37 °C. Tlio ii-Ltloas ^■^cie then siained either with 
colloidal iron ut ^•.^lh HAiiP as described abovt;. Vbe 
hyaiurDnidasc dif-estion expetitnents also included negative 
eonirol-s incubated under otherwise stmilar conditiotjs bat 
tacking the enzyme. An HA-sctreijng me*othehotna section 
was wsed as a possiive control. 



1-p-dtti.i^i hj<Lk(<^s <d niKt wii mtaM.td s ^ id(d 
tjciUar and ifjnitspSied bv ten to correct the scale. Cutaiw-oxs 
thickneis measutemenis. ol ihc healths pauttipants and 
patients were performed usMi^ a skin liStrasotwd svftlein 
(Ept<ica \ L^-^')^J oti h tp 'h \-\', i ! i,poi--i ton> 

Cell Proliferation 

louietri^a a'-id dc inal K) <. h Atre <.( tints d m U ') 
fields per section ai 40X nta-gmfication: the average, value was 

Western Slot Analvsss 

^a^np i -> (<,en: t i s m ,3< f.^ i biu < » <n j uv} ^ li 

inM Ills HC 'pH f . i M ^ M , if. iA U'l V, f ^D^ 

10^ ghreroi no p-oi i.t j >h h> »j < .Hn s.,!>p 
Bochtmser ht..r> 'i\v,si\ bi e>iii-i<,t s jdit ii ti<>!.ii ttn < o 
poiyiroti-hotiiogetiizcd at d mxsu nea on )ce Ct."i (uliitu 
extracts were treated with the sajTte buifei tiomogt Rate's 
were »pt3n m a microeeiurifnge tor 20 mtn. aitd the soluble 
fracttoti was extracted and sobjected to uestejtt blot an^Ksi>. 
wn tli appropnate a»tJibodseii . 

Sacnplijs were loaded in .norneductrg '^..tr'pie b'j'fier 
"i.bjefted to ciec tropho-oi- and t'a'isbiotfd ojto 0 l") lan 
pore-si?.e aitroceliulosc nsettsbrane. Vntibot.K'- u\td tor 
Westen blot aaaiysts were annCDU stiud? A 'Bendc 
MedSvstemi), anti-CB ' i'v'S (Bendej MfoS>sicns i<s! 
MMP-t (G 20 Sant-i Crua Bic>t< thtjcflogv^ a us-prc HB 101 
(M-J8; Sa»uCruz Bioiechnoiog>}. ami-llB tGh tjeiKraiiz'ng 
ant»bod> (R&D Sy^tewm, http^/www tndsyttetns cum; -ind 
anti^erbBl ajid an»-crbB4 (Santa Cnt» B('>techn<3log>> 

Immunoprecipitation 

L^satcs w<r« nwnbateJ o%fin<gh! at 4 C h ait, LTi\ 
anttbotiies and ptotem A-O agarose btac^s (P'erc^ B'otPtb 
nfilogv) t« the presence ol BSA and rat IgG. EIntton tit 
atittjjcn-anubodj' complex was perfomed lit: nonreduang 
SD5> ■sample buffer bv heatmg 5 rain at 95 "C Affes 
centnftigatifw fot -tnn at iSOOOg- supernatant was loaded 
on a 10% polyacrvlair.ide sjel. 

Quantification of CD44, HA, and efbBI 

Quantification of C044, HA, and erbBl (h tlie skin satnptes 
by an eii2yine-iinJt«.'d binding protein 3,way was performed 
using the sC»44 ELISA Kit (Bender MedSystems), the 
tJotgeaix Hyaluronic Acid Quantitative Test Kit {Endotell, 
h;tp:vVwww.cndmelleh)i and the erbBl EJJSA Kit (Sigoia), 
! ' spectivciy, accordisig; to the maaufacturers' instnictions 

In Vitro Keratjnocyte Proliferattoh Assay 

Epidermai kcjatinocytes were isolated and fe«Jtu*ed iii 96- 
weU plates (Bectcra Dickinson, htipj.fwww.bd.totn) as de- 
sctilxid prei,-iously [16]. On day 2 of cninire. I-L4F,?, HAFi, or 
HAFf (100 Jigi'tnl), monfjclona! anii-humarj amphircgijtiui lAR} 
neiuraliztng antibody UOO ng/ml), monocionai anti-hiunan 
erbBl neuS-Taiixitig antibody !j„>ifitvpc IgtU; j'.i!) ng'trJ) inLHisc 
recomi>inant tis.stn- mhihttov oi mctaik.p! (.<teif!,isc ^ a IMP-:-!, 
100 npval). or ivsimaij HB-f,OF .5 ng/niJ; R&D ?.;,rc!-;;vi, f PA il 
ng/mj; Sigma), and hunsat! EUF {'H> ngitni; Kiginai, m tin- 
presence or absence of an!i-HB-E<iF neutraJi2ing antibody 
(iO Tig/ml; K&O Systems), was added to the cultures. Mouse 
IgGi was used as a control csf anti-erbBl, Human iibroblastji 
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Ftg«ro 5. T>!e Effect of HAF in Vitro 

(A! Eiittion protds ot hAF, HAFi, HAi-i, « HAF! were run on a Sephacryi coiumn after sonificaiioti and enzvmatK dittestiO!>. 
(8i4AFt ^ut.iothAt-sof HAH mdwes tn vitro rnouse kefatinocyte protiteratioo that <s inh-btte<J bvi i erhPi =nitbuc<y<!ndTIWP3 Kt.i3t noryto' ffor<^ 
SW^I and D8A/t wt mice were tofturpd in 9&weit plates On day 5 of culture, HAKHA-s, or HAF! ' .X a^'n^ .ti!:. n 'toid! -iiri >iLmai ar neutMirrg 
antibody (100 ng/ml) niooodonal ant(-hum8n erbSl neirtrBlfjaftg antibody (isotyf«? tg<".!, "00 i>-\) or mo^< re-oms na i- TiMP 3 '100 ng, viai 
added to the cuiture? Wouse >gi?1 was used as <) control foranti-erbBI Later m 0 037'M6q c! t'h M>,mid.r s'td' ^.od^c" o each wi.ri Aii 
expefiments we-e ctore in iipljca'c a id rep"-tf=(.1 itv«s The re;,oi's dre presented as t«ie Tcan incur txjrti.td <-fijt> < 'f jioard error of 
thertiean(SFV onii^ss^f-SSsp I q'fKp ^. -^f- -a-*, - j'- i -■^ versus nor<f HAF ^ ant, ^rtS5 HAh jimo? rd i-,-Djsfc igC1 versus 

HAFi; Student's t-tsst). 

(C) !p wtro pro, ^eratts/e r > p-jrse ot iro^^ > - s = o -iA-i is CD-M ^ lo -ifc EuF dejaerioeit Keratifocyte oroiffe ation 1 1 r vpor v i - HArt tn v tr - 
•<erc{it>oo/tfsfrorr '^KH-' ^* dfKi J&A li_i'44 -'-e were cU-urPd iti 9t> weil plates On day 5 fif culture ■^A^l (TOO ^ig/r^i 1 lJ^tll^ -^8 i^jF "^O 

ng'tn!,, or mojse ant huriai HS tGF r eistr^'izor -oi.oooy (100 ng/ml) was added to the cultures .a+er (48 00" ,V8q of ['H nyr jire was 
?dd^ to each ,we i Ai! ex>)errrn<ioi:' vsert doie sr- r ^ihcat!. ^no repeated five times The teiuks are pre* ei^ted as tht. iveai n orporf ted ^ oi 'its fie. r»r 
- SLV of t^iree we Is per yroi o "-p < <J ft 0 OO i {HS bG? versus none, aritf-HB fcCf + HAFi ver S!,s riAFi Student s t test) 

Q Kerat(f,ocyie protrferat.or -> respo ise to i PA ani tGF lo vitro Keraltnocytes from UBA/i wt aj^d DBA^ CD44^ mire weii? ni*M ed tr -^C- ^e'f pb 
On osy S of culture, TPA (5 ng/ml) EGF (50 ng/mf), or HAFi (100 fjg/mt) was -jdded to the cultures later (48 h), 0 03/ of C'-il 'iiyi idi it- was <sddf d 
*o each we'l Ail expentrents were done m triplicate and repeated five times The results are presented as tfie mean incorporated co Jn.s per rr n - 'kM 
of tr>ree wils per gro«p. **p < 0.01 versus none: ***p < 0.00? versus ttone (Student's t-test)- 

t£i F!b'ob!a>t proiiferation -n response to bFGF tn vitro Huiran fibroWasts were cuitured n 96 well ptates On day 2 of cu!t>ire oFO- r n<!'rn!i or HAf-i 
(' 00 ml} w?s addf-d <-c t^i- ..ultures Lat»r (48 h} 0 03"? MBq of i Vi thymidine was ,sdded to sacn Ae AI, expcnneris jveie dore in tr(p,itate ard 
repeated five ttnes Ifv rr si ^ prp-sented ai tht. nean mcofpor-stetj courts 0( ' ■>iH^jxe * -jiM o'f thret v.V'^'ls per qroup '^p C OC versus none 
(Stude«rs t-test}. 

IF* Vascular endotifliai ^ei p'o iterating n fespon<Le to VCfF ,i vitro Hb^'tCv vnere u ed if 9t> wet! p aies On das, ~ oi cu'ture VFCjf- 120 'jg mi' or 
HAF) OOQ ng/mi) Aas acded lo the cui»u'es La^tr (4b b) 003"' M8q pf '"hi tivi-oi in e vya^ adCed lo eac>i ws' An expet"t-ei*^ we u dona in ffp cate 
-^d repeateo five t rres 'ne resuits ait- preifcm-a a, he mean irvi-rp^faiecJ ^jjits pei r-ip _ sfcM thiee w«!,' opf Group ^**p ^ 0 001 vet^as f ot-^' 
(Stijdenfi i-test). 

'Gi Keratinocyte proirto'st oi^ tr rpsponsf- to HAFi ^reuted fib'ttbia^t or HUVfr si^pern^iarts in viM: Keratinoc/tes frof^ D8A,i wt mice, fib otfd<.ts or 
HUVtCs were cuituftd .n 96 wef! piatts On day 2 of <.t.ltur8 HAFt .100 ng/ml) Was added to the iibroolast c, HtfVK culture, Ot^ day S ot cjiture 
superwants alone or iupplenwnteti with HAFi (100 (ig/ml) were added to the keratinocyte cultures (V4 ratio) Later (48 hj, 0 037 M8q of 'Si] tnvm^dire 
was added to each w8. AJf expenrnerits were done in tRpiicate and repeated five times. Tlie rasufts aire presented as tKe mean Incofpotated counts per 
mm + SEM erf %ee vyelts per group, < Q.001 versus none (audent's t■^est). 
doi;1 0.1371,'jOurn4l,pm6d.O030493,s0O1 



dnii hutsan ujnbthcaS veiJi endothekal tel! i' \ 1 ( ^ ^ 'f 
ctiltund !» ')6-wdl pbtC!. CultBrc mcdmtii cont,un<><l DMEM 
im FCS, 1% atmbjotits for tb« fibrobia«ts, and mm W% 
FCS, 1% afttthtoiics, gIi(taBCimei 1% hcparia, 1% ECGS 
(f«'iuiheti,il ccli growth stjppJemcnt, l'j>5,t4te, hltpftvww 
upstiitc coir I r>o h>diOvt)i5jj.OTje and W \rt<tit«o C for the 
IK Vta 0« dav 2 of cs,Jt«!c blt.f d tif^imii \i:fii (20 tig; 
111) 01 HAi-i .100 ygar-l) was ?ddcd 'o tJu <«!u>!e>. On day 
<t ui.i, <.u-ui.t^ij wl"seor« tbUAS-UlOOuff'mi.wpie 

i >ntt 1 ». „,ii: .ul-iu^ ..4 -<ri<,j ! uo .48 h 
» i-^ Mb. . "Hjih%stl.dinc (A-ruisturr itt.- ^^A^s 
'iiic .!aii tow) \,is jdficd «o each ^cll hotope mi.i)ipnTa. 
turn .V ^ e^jLuatPd h Uler tn a Bpckman LS 1801 {hajj// 
ivA-w. betVnwntouitertota) counter (Becknidn Coulter, 
Fu'lifTtf>''i Caiifonia) AUesxpcruttentsitx'ietloiicinlripiicate 
and; repeated 5 titnes, and the results wcf« expressed as the 
mean of mcoiporated Mmiits per tnmute for each cowdition 
tested. 

Results 

HAFi induce CD44-Dependent Keratsnocyte Proliferatior 

and Skm HyDerpissia 

iu]'w t3 jhivJMifs *^intn tbe duisa! fkm of wt and 
(I'ii PB\,j vt. .Ptiibated iMtL HA.F gf^ncrated 

li 11 bsC'! ti^i<-.u.u ^^o i;h. H\ b\ «-nR-EiL.n .n/vfut„ 
■■^"tMtO, m'i Mt cxchissoi gel hi! '-I I H <K 
E^p, iiu t" bui' tot to HAil ot H'u-v f t.l i> 

K>v v4 k'ldlijvt^te f.iohfciAtion {tigtaic C<niiiile'it 
'ssiijj i ui 'jon ^ J' i^K i>'v .ifci.itivere^poit.'.e to liAisCDH 
tnciis. -i U\.. t.iifo ) d.jce prf>Iiffr,ition in CD4i 
ke(M>iioo <5 t < K) 

lo vtjrify thai the Jinabtdty of HAbs to (rsduce proliteratiovt 
of CD i r'~ kcrautii f vtcs u As, indeed due lo the lack .si CI>44 
*»nd not to a tuoie general probfcratioti defect, of these cell*, 

^ ?LoS Medicine t www plosmedKineoig 



wo >^^e>.!.cvt !},<. !ti.ncnsc oi 1 OH keraimt'tvjcs to phoih^-i 
eit^T Ana tGI< stiSonuUtiun LBH" kei-uvjcxes sserc 
Obsel ved to mouttt a proJiterative response to both mitogens, 
albeit to a lesser degree thati wt ceUs (Figure ID). It wt>«Id 
therefore seetn reasonable to aitJlbute the corapjete i.nk oi 
keratmoc) te response l<i HAtt lo the at", rut. of ihc HA 
receptor <ii>44v 

The Miinulator) effect of HKTi not -miicd o cui'i.ted 
<cra(itK> vte-s Im ibdnon o'' pniiKm nun' .it' fbjob isii irom 
,i U il Jm fiur f.- j-iv^ HI \ f <. - u t ) H ^} i j< L i^i V -itf 4 loi,^ 
. ) ,n iuttd Uiat.iKji ut jao jf< latii n ti ,» u-u in siKrcascd 
proliferation of both ce[! tvpcs {i'sguK li. and iFt 

lo determine whether HA fragments may mdiiee keiati- 
«ocyte prohfejratiOR m vivo, the effect of repeated local 
admmtstration ol HAFi to the drirji^i skm of v,t nd CD i-i ' 
mut- vtA\ <isscs cd lo i )rilnji tor ^^^osmI-) o vl <ii-i 
5>pe()fjc L-lfccf: 'yhlil fiii^k'x ruTt vst,( ,isu I'^jinSta 
Irwrt! HA.1 ' tjtaOT^' M i»iil% 'opu li -p'.ii .i 0,1 >t j v<ji(.t> vi 
ol 0 2 ^^\(, ' ^ tj .c..iu 1 .^r.Ka-3 pd,)Mi 
b>p<.- \ md "Im h '!.fi.t!fi' itj'i'ieoi'l 

^'.on^ij'd » M.iiveJ iL.'ihf!' » 
epidciiiwi <ui', 'iTtna' K.i-b'' nils Miiisv^^rhMi ) n jr.t 
ot the SIX GD44 isnue W'<ited ti-igin' Ji 1 >. t rsistei ; 

with the behavioi f>f CD4'r' kcj<Uinu ^ 1.1 v I'd ^( 
ot CBU '' taice displayed taofiitatt- nvpLip' imj ,ii tcm^ci.sc 
)o Joc^J ph(^tbo{ ester apphcation (ibiguie SIA ,itd MB; 
«^L.p nti'ij, the notion that the tomplete latJi of hypeffiiasid 
i,i f<sjot)>,e to HAFi loujd be attiibuted to the absence of 
C.;D44 itself. 

The ptucriiJ LAt^i oi H\-i Kt.atnotv. differ 
tmialifjn ir w^u ^sds i^scs^fd b ^ nj 1!:^ >( HUi and 
vehide-treatcd skiti sections wnh antibodies agaiijst dslfer- 
crUtation markers, nichnding kcratm-H, filaggTin, and lor- 
itrm All three diffi leniMtion aiarketis svt le found to di>pi,i> 
Hureased expieiiion in hvperpU^tie H^Fi-treated skin th,it 

December 2006 i Vqturee 3 f issue T2 [ &t93 



2295 



Hysiurooate Reverses Skin Atrophy' 






~— -> — Oi~-" ".v™-- ™^ OU^- 



Figure 2 1 he £r'ect ot M A(= on Mous* and Hamari Skin 

ifi) ■^m mcycea hv-peirpia>,!,3 of wouse ikm (s C044 depwdem. Htsiologicaf sections of vehicfe-treated {a and c! ar HAFkreated (b and d} DBA/! {a and 

o> V U44 If <s'td dofial .-rsoiise sk,n NtMe tfie epidwrna! iryperpJasia in D6A/1 but norirt ■ mice, 

(S) Lt..ijetra! -h.titfie- mh vei- tie HAf i feats-ci SKH1, DSA,n,atKiC044 '' mouse tacit skin measored with an ocufarmicrometef, Ten measurements 
w';fs> t>KnorT..,d per rrou^a ai^d thv aveiage vdiue ta!cuiated.Th© results are presented as the mean apidermBi thickness .+. SEM of six animals oer 
g.-ojp '■*''p 0 001 versus vrfiicse (Student's t-test). r 
{Qm vjvo pfoifferative fesponse of moose eptdermis to HAFi is CD44 dependenE, Ki67 staifitno of vehide-treated {a and ci or HAf i-tr«ted (b and d) 
mm <a ami b) or €044"^- (c and d) dorsai mouse sl«n. 

(0) Derma! ce!!u!arity in veliicie- or HAFrtreaied SKH1, D8A/1, and CD44"'- mouse back skin. Samples were counted at 40x magniJicatioft. Ten counts 



PloS Sitedictne j www.plosmedicineorg 



December 2006 I Votume 3 j issue M \ eA9i 



Hyarufomte Rwrses Skin Atrophy 



vv« ^ 1 dde per rtiousc hi ^v-'icie \&k e <ttas calculated Hie results fre presented as the mean number of ceils _ bfcM of s x animals per gtoup 

<. Q.QO^ versa? vehicle (Students West), 
tt) HA- ^of e«s acie ard 11,-ticos'eroid r^idted atrophy m huiran sk)n Afophft human forearm skfn t mo after topical treatroer^t wrth vehicle (a) or 
''!,-A^ 'b, e tne detf'dse of Wfinkh' h"morrhage {yellow airovv}, and pseudoscars ^rtd arrows* the wsiNfty of superfical vessels (blue strove) 
and me smootJieninq of tne skin wttti after HA^j tfestment, 

t^ ^ rtAs ! torrects age- and coftscosteroid reiaied atrophy in human sKin, Histoiogy of atrophic human forearm sidrt 1 mo after tepica! treatmerjt with 
vehitie {a; or 5% Hhri !bj. Note ihe significant epssermaf hyperpiasia after HAFi treatment. 

'Gi H \" fe u. * 1 T i>r -plaitd n a+rophif bit twt rwmal human siurs Skin thickrsess itt HAFHreaSed young (s}, oorilestona! aged {bj, or atropbc 
agfjd ict mmm skin measured by echography. Ihe results are presented as boxpfots with median values (tnangfes) Young jrttreated versus 
rit;r i..iuf)j -"-J ii<- !e*t«xl p 0 00' your-g untreated versus atrophic aged untreated p 0001 atrophic aged untreated versvis atrophy aged 

treatea, » 0.0 s mofsparameirtc Mani-i-Whitnev U tcstl 
001: 1 o> 1 j7}.i'iourn«t.pfried.003049,i tj002 



proporiional to th< <i e f h^pcsplasw (1 jgu-e S'i\> 
i hui kerat.n 1 i <. si => obvtTvcd rhroughout t»^p 
epidernii>., n j iili^i^iii^ <uieJ kmcrtn expicssioi) v,cis 
rouRried tiiL Tt^ruUi [jver st<a;ge«)nf![ that U\F\ 
^pplK fM Ud no tin fflfta ur kpjdtmocMO d ffer 

TU . <. It HaFi vjb use mpoMtJi n oi iSt dtniii v. 
<ivtssv.d b i<ia.<*.>>i'!f; h-iigc, I'j <.i,}5<jger t-xp cssto'i and 
'ail (Unzition StrfWfjtijj »iih Smu's rtcJ }f veiled di' irnrx<i<.< 
m LoUagen cwjieut oi the superfsaa! tienrws (Ftgrnc b'iB 
[p<iU^ A and bJ) tUtni. fjbcj imi<<i,M in the dcrmo 
rtvcuea b> \an G'lson ei^^u^i m tining (i iJ^rt b2B [parts c 
ana d^t iif*. V J i bio< J 1. SSI.! tontei r was obWTVcd 

*,tn anutD^l ».nbod> ^Jigjie i2B [piin, , and fj), 
leflcv'rig bt cifcct of HM-i on fib.objtvt^ xii i Hl.\fc,C!> 
ooscived m vitro. 

Fjraiiv K de'e-Tniw vsUthti h\tj jf'cdiitfd s« u turn 
o'' fib>()t>!as,t«; aniJ e'jdothehai celK (xirgbt mdiirctiv j^artjc- 
tj>3ie m k^mmotyfe prolsferation, keratmoeyies dtoved 
froua m mtce were incubated virith 1:4 dllwifed eoiiditiOHed 
K.ii^nu< media from 72-h HAFj atjd vehitic-ireaicd fibro- 
bias' and H:\1(<. Ntrhot HUiirciteci fibrobiaafc. nor 
HvX FC I lA SI pt iti u I t", d]^pf■^v^^, am sij^iuficaat cffftt 
' 1 M > ! f I > \ tv }> (iblc!<ti.iu J ,ti ^ (aO tigjire JCj Howcser 
■.ii, P t>. 11 t tU -ihHvl in i<d cndothphi! cli 

' i ' ! > > 1 a ants witl U)0 )t { ! 5 HMi 

^vnU n tba' when BMi Ae^t- directU vided lO ktraJmo 
c>tp (.ihures (Fj^ure K>t, rt'nd<-tttsg unhkeh the possibility 
U\A\. nutr.fi-it dep ction oi ihc supertiaiants inhibited 
proiiffcTAtion It uouS'i num concejv jbJe ihat tJ^e f-{Af» ased 
t') siiHi^i ate etdntbtisJ celU jiid nblo^)^sts h<j\J bco 
mteir^x'^cd irido. dcgjau'd b% 7i h ot m.Uiul p owdt li, t 
pi nsible e\pJatjat.i>»i Toi the Si k est kerninu v sfinul i ' 
b^ the "J-h I )ndr'ioni.d t iJutu Tiiea^a iak' < 

pi IS 3 m M «> x-aTi ,{ a direct ctft . t ut H \^ ^ 
pt(.i^icrwori aiikpendtnc of fibittb.asi xci<,^ tjjdotht Ua. ifii 

Topica! Applicatfon of HAF) Restores Atrophic Skfn lessons 

m Hurriiins 

IV (.I.Alt iljcii;^ s<Nsr hc-A.th icii ugt 24 }2 ^ 
mean agf, ..i 1 j > iu, ■'o. ht s th^ j o = tTii.riopausjl \^omen 
who hid not ( ..v ^t"^ hrijKi > «. t,f>S > i~rsi,vit sher,ijj} ^agc, ^5- 
65 >, tijoan ill, W V v>.t.i<. ^^►ijfcied to datly topical 
appht-ition to thr lt>rt.iit.> of a 1 % pieparition of HMi 
lot i mo r ollfwing tcis»in<ition of the tJtitment, aoac of the 
controi paiimpants ye^<■<ikd a tn«-a<imibk iin,i<asf in skm 
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)h»*kn(ss '•if,n<( ut 'liflAmtaitx ir» 1. staJi-Ji, f- gi .it ijmu 
a > Bv loniidst, .jIJ <six pajients with ^kn itt >j»h> that was 
i-itht-j .tgo related (three patients, aged 60-&!i ^ , njeatJ age 

or assOLiAtcd with (OUKOSiertud therapv for rhtijnacoid 
atth' 1 s iibiee pin<.!3»^ I 7i~^h \ .ntaTi s^l vi 

-cspon<ji-J i > ■> ii H W .p^ ' < n !>\ pi jv; 

sK,i «Li'ktn»6s ii-igt.n 2^^n^^P ,> i,^ij^„t [p h -r 
the end fs} tj> i-tmici)t xpod Mo'^t m t bi psi » i ^ 
(teprsstnting the h<.ii ns; s ot iiip< i' vtuvS d smu ! ij^ » 
2L, '<d irro«,sS nmotib^g (Vijj-jit unsl sol 

visibis^ supt'iht lal vesstis |I iguu 2F Dkicar^uw; iJ' uf ^^.lltlx 
ate iMOCiited with sktn atrophy, diiapptaicd <tt T<»ponse u 
HA$i j»edjatcd restotatjon of skai irophicity {^igwre aiid 
W). Gotitrary to HMi, the same coticentraiioii of HAFI and 
HAFs applied for the same duration to the sis patJetits wsih 
skja atrophy had no effect oh skm thjckitess ^tmjiublished 

HAFf Applied to the Stan induce Expresskm of £044 and 
Enzymes Implicated ill HA Metabolism 

To btgm 10 addre^'s the putatisc tjjec! iiiism of HKhi 
mduced sikm hvpcrpUsia we tssosjuo t i^ti^cs m (,DU 
exprcssjoa itid HA s\ntLes5<i m res^j^tisc to ol j ii\ 
apphtatton TopiraJ HMi appht >tio s ^l,? n t liU! 03 
HAJ-i* t«i)pubsishcd data) application, twuired m ii'c'caseci 
( i> 4 L\p essjut it ihi. 1 . p I'tj- \> 1^ ih?Jit,'i it 

K tpdf-TJi (ligjit ,\ p> ti i a,)(l bj and aripiibjisriwi 
da.^^) n\li s«.Scct.\<iv intn^astd CI>41v^ isoioriti 

expression ui basal and suprabasaJ fcetaiiriocvtes, with the 
esEcepupn (}f the granoiar laytn- (figure 3A [parts c and d\). 

Ihf superficul dermis of trt'ited DBA,! jnouve 

dcrsi! skjin sio f>Ti3 aiipl^-sp'i si rLKtj^ r\ *ii Un\ 
.aud iUBF ui .suhhshi., >S i t, Ii^ru I SB 

^ < f ii h * 11 > t i Tn n k d h iidir^ 

» s ( K s tyiJ 3<. »J, s »-ii.,»ilf >B U*' 1 Middt 

nil . iij I. bhs},ea data, of ac^.-d UB V S an 1 SKHi 

hairim msec. 

To address the fate oilocdJiy adtiiintsten d HAf to the skiti 
st/e frictionaicd HAs%as bfotinvhted and m lot ib/rftit^n v^as 
tratcd v>ith Ssiorcscem libeled sirfpf Mht h n n t u d 
Hits trcatfd SKHf hairW tj s < ij ti -.stj .m-.* 
iiAFi but not HAfJ tttaicd '-KIl! [ lu ss i ii< s. d!sp<as(d 
biotni deposits in iK nipc^fiti i ..i n 3 s t't 1 ' J ftp il 

tcnfA<d n nsj.UK. jwas^L t - t 3 ji to. si..,, M.tu.^s 
{wntJublished dala>, coiisssterst -svtlh the iiotuii! tb'^t bf>ih 
HA>s and HAti cat) penctTate the epidermis, io funiier 
assess HAtj iocaiwation tn tmaes, double staining using 
btoUnvUKd HAFi and Qaoiev em iabek d ^tjcptavidm aii ^»e»i 
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Fisur« 3. The Effect of HAF on CM4, HA, and HA-PoiymerijSng and -Deof.vJina nr-ry-f- e: ii'-.d Lc'.aiii.v.ion oi HAt- in Mouse .S>,:rt 

(A) HAFi increases CD44 expression in mouse skin, immunostaining of sections of vehide-tfealed {a and d or HAFi-treated (b and di DBAn ftiouse 

dorsai ikiri with ^nt!-C!>14 {a arid bi or anti-CO'MvS (c and d) antibodies. Note the hyperpJasia 3r>d increase in both CEM4 and CD44v3 expres.'Sion in the 

epirtermis, 

{Bi HAPi i,ir.r6.-is?s the epidenri.^S ansi .^^erfsia! HA conterit ir> mouse skin. HASP staining of sectiws of veWde-treatcd {a) Of HAFi-ttsated (b) 08A/1 mouse 
dorsai skifi showing eSevated amoiinls of HA in the defmis. EpkJefmal (c) and dermai {d} HA contem of HAFi-Ereated skin of SKH1 haitles? tnice were 
qiiflntified by an enjym&.jinkad binding proteif! assa-, Tiv resuif, ar/j presw+ed as the mean HA concertuatio.-i S£M of six anirraSs per qrouc "♦n - 

iCi ha; . n.-i i ■ .--fltraie mouse sktn, $•^|■ept3Vi«:;■^-F:TC sUiriin.^ of ;-t -.-!-^i of vahicii (ai birjtinvtatecJ MAr-s-trt;ated isi, KAfi-tfealed id, or HAFi- 
trested ;t:.i ^i'h: n.v;tes', mouse back sKin. Note the pfss-fiw- of bio^n \r. hAf-; trsat-.-d, and to a lesser e\te,^i. irs HA^'i-tnjaied skin imo^s). 
tO) loptcBliy applied HAFi !S located tooth intra- arid eictracetluiany i<,ctior5 of HAFi-irsatv>d dofia! SKi^l hairless n^ouse skin we:e stas.-ied wlh 
stieptaviditi-FiTC {a) or antl-vimentfn arJtibody, toiotinyfated secondary antiboay, anri -.trept.ividir.-rhodamifie tb). Topicaii)' applied HAFi (3- tjreeii 
fluorescence, top atrows) shows colocaliaation (e; yeffow fitiorescence. arrows) with vimsrnsr, (b, rs-ci f!!jorescent-.e, arrows: and oirtside 'h^ ceils tn the 
extniceliuiar matrix (a; bw«r arrows). 

(E) HAFi Increases the expression of MASs and Hyal2 in mouse skin. Northern blot analysis of HAS^, HAS3, and Hyai2 SNA expression ir^ veMicie- or 
HAmreated DSAf-l wt or CD44 ~ mouse dofsaf skin. The hybodiiation signaSs were quantitated by scanning the autoradfograms with a laser 
oensitometer. The resulte are presented as the mean optfcai density * SEM of three ariimais per owup. *p < 0.05 versus vehicie; **p < 0 01 versus 
vehicle {Student's t-test}. f 
doi.i0.1.^7T/jo«mal.pm6d.0030493.gOCa 



as anu-vimtntiri autjbndy was performed, Coli>ca]katiO!n of 
liAk'i .mi vir5u:t;tiri suggested internalization of HAFi by 
tne$eD< h\ma.l drrj tuai tells whose motphology was ConSKilent 
wit)j that of fibrobiasts sFigun? SD atjd uiipubliahed dataj. 
H.\Fi wcie a)sf> observed in vjmentin-iiegative acelJular areas, 
cosisistcRi with the cxtfaceiiiilar matrix. 

To detetTTJifie whetiter the absorbed HAF ji.ij^ht afferi iwsi 
HA synthffstii and dejfradatiou. svc assessed liie expressiort ot 
HA-poiymcrwmg ttttzymes HASl, HAS2, ajyi HAS3 and the 
major f issue HA-degrading ejiz>'i»e, hyaattronida-W 2 (HyalS), 
in iiAK-treated sfcm of D»Afi and CD44' mice (Figure 3E). 
NoJ tjherii b5ot atiafy.yis showed aa incrtsasc in iiASl, HAS2, 
HASS, and ByBi^ traj\sct1pts in both wt and CD44"*" sictn, 
»iiggestit>g thai HAFii can induce boiii HA-producing and 
-dcgradinjf enscymtjs in 3 GD44-»nd:epeiiacm tnanhef . 

HAFt-Medtated Keratiriocyte Pronferation is HB-E6F and 
EGFR Depfifident 

Because HAFi-iaduced GD4-1vS expression (Figure 3.A 
[parts c md dj), we addressed the expression of nicjieciiks 
reported to bt; recruited by GD44v3, partknlarly HB-EGF and 
it.^ receptors {Vi], in HAFi- treated mouse skin. HAFi-treated 
UB.Ml And SKHl hairles.<i epidermis dispiayed a j-obust 
iuriuiiiots .-.i rni U". -And pro4m-EGF (22-28 kDa) cxpre«- 
.-.iort ,15, iveiS a'^ a sijud itidiii tion uf crbBi cxprrtSfon (Figures 
and S.^«, an,i unpuhiishod data>. itnpurtantiy, cleaved ii4- 
13 k»a) HB-EGf si.ecte'. . or responding to Ok- attiso lV>ri>.), 
appeared in iysat- <>( H.-VFi trcifod i-pidctttJt!. tr-ifiur- iA. .-U 
erbB-l is not expressed m mouse .'.kio [17], erbB] fijilfiis tiie 
Toie of the principal HB-EGF j-ecepior. To assess ihc phy.-sical 
association between CD44 and erbBl, petformed coitn- 
■notioprecipiiiuion espcfijirterns. Consistent with obser^-a- 
uoii-i si-ifwins: tntciaLiioiTi between CD-M and erbB4 H3j, as 
weii as ei-.HB2 and cri,i^3 ii;<l, Western bkst atiaJvsis itsing atjti- 
crbBi aniibofiv 01 .^.ijtj-vITKi antibodv imnufiioprecipilatcs 
iVc'in i><i;ite.'. oi iijiiuffd ke;-L>,t.;!u>evt.> .n;d cuidi'i niis of DBA? 
1 tnousc skin levcdcd iiuii erbBi roi:v.(iiu:!r..pre< ipttates with 
CD44 (Pjgtne iB). It is :>oit:w«r:hy shal tilt skin uf patients 
Vfjilt atrophy diftpt.iyed dc-frcased CJ)-i i asjd erbBI expression 
as well as redaced ilA synthesis (Figure. 4C). 

Based on the obst!rvations that HAFi treatment enhanced 
CX!44v3, eTbB,5. and HB-EGF espiession and induced HB- 
EGF activation^ we addrcissed the possibiiity that thfrse 
molecaJes may form part of the fnnctionai tnachinery 
injpiitaicd in the regenerative response of fceratino<yies to 
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HAFi. The proliferative mponse of wt DBA.'I tntnisc 
kcratinocyt.es to HAFi -was abrogated by ar.ti-h'.nnan evbBl 
ncuiralizing .antibody (fif^xtre iBl. Re<<'iT;b!n,ini MB-F.f'.F 
stimulated rrtfnist prdireratjoti wt UBA'\ kcriun'-.(.^H$ 
but indiictJd on]% si-sdd pToiil'ciatjon ot (.;Di4-defioient 
couni«p,itts, -Ahtreits AR, which does n ji !>!nd CTs-i-ivS 
hjd m- ef!i^.;i. .NeiJtr;diniig asuj-HB-J-Xa- .nM'body 
inhibited H.-XFi-ir-diitcd ki nuinocvtc prfdsfoi.iijori in >vt 
ketaiinocytcs (Figure IC), whereas an isoiype- matched 
unrelated antibody faiU;d 10 do so. Becaiise MMP.i and tJ)e 
related ADAM fatnsiy proteases arc ireipiicsted in protcoly'-it; 
aciivatson of pr«>-HB-EGF, we tested the effect of (he MNIP 
antJ ADAM (a disjrittrgrin and ajetalioproteinase) ttihibitor 
j'iMi' .i H.Al i induced keratinoeytc proliferation. C«n- 
MStcnt ->Mtii ilje notion that MMPs [13] and ADAMs f20J 
activate HB-EC^F, Tetotiibinaist abrogated H.^Fi- 

induced kerstinocytc proJiferation (Figure IB). 

Discussion 

Onr observations prwide evidence for the firsi tinje to o«r 
knowledge that topically applied H.-^F ranging from 50.000 to 
400,000 Da penciraie the epidermis and induce keratinocyte 
proliferation that translates into trie ihickenixtg oi" mouse and 
human skm. Penetration of topically apuiicd ilA of 25(i,000- 
400,0()<) .t>a into tnr.«s(- and human dcrwt^, ^s..:, t«rni!s 

peiieti^itr t!5.<.nse .ski:T in \ biit !h;ii -jtsH U); li.M-j ;;idu(.e 
rellwl.u- proliferatuMi wiihitj tJsc epiderni.-si at,;d df'rm.ii 
compartments. 

At least t.vfO types of effecjs oceiirrcd as a ifsuit 01 lopka! 
HAFi application: CD44-ind<:penderK pcnetratiots oi' skin 
and induction of HAS and i-lyaiS, and CaJ-lj-dependent 
keratinocyte proiifcrattot). Both fibroblasts and endotbchsl 
cells also p«)!iferated in response to llAFi in vitro, providing 
a possibie explanation for the inrrpaseci deima! coiUgen 
deposition and angiogcncsis, respeetiveiv, oh.jftrved ii: vi\ti 
However, the tc>nt.ribiuxon of fibrob! j.s! ;ii.!;v;tv ^nd angio- 
genesis to epid('nn<ii bvpcipiAsia mnst hkoiv of niiiioi 
imponance, gi\e;> itiit f.enditionc.i c\iituro tnedni of HAFi - 
stimulated fibrc>b::!i*v at;d et)dotht?iM] iciis isiicd i;. aiigtnont 
keratinocyte proiiferatsojt. iinportaniiv an inciea-<i; ir. 
hfiMiiiis skin thickness in respoiise so H.\I-! was t;iisor%cd onJy 
in patient* with skin atrophy. .Aithuiigii tht- reasojjs of the 
absence of sucit a response in hcait.hy pani.. )p,i!:is t an only be 
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f vt^A f ffpct of HAf on CD44V3 pro-H8 tCaf afjd H8-EGF ]n Mouse Sknv< C044 and erb81 Assoetatsoft in Vitro an<i fn Vivo CD44 H* antf erbSl 

Lewis fn roung arirf SiderSv Skin 

A '^A^^ irUut--' e<pr-?5 toi r ' v.D44v3 f>'o hiJ E6F, and actfve HMGF in mouse skin W«st«m blot anafysB on the protein extracts of ^ehitie- or WAI-i 
traodCKH'ha te<ismfCf fo '■n44sV 2rokO raB,3rave H8-E<Jf (-ISkDa M, pro^B^EGF {-25 KJa fc]}, arnS ts«din9«^^^ 
tSi) ^044 ossoi-tdtei with erbbJ tn ^eratff,oi:>tes m vitro »d in '^o. Western btet anaiys's of 8ntj-CD44 antiiwd/immunftprecipitates of protein extracts 
^ trecJi^<-3inuo^.sidio e id>>nT^i o OBA'? mouse skin fmniunpbiotted wWi antt^BI, istock, iscrtype^ 



ishcd in atrophtt human skm, C044 (a), HA Oj), and erbei (cf eKpressioiv in fofeanrs tm biopsy specimens of 
efdeiiy pauents with stan airopby; The res«)ts a« presented as this mean C044, HA, or srbBI toocentratiort * SEM of three 
youtii) comrols {Student's t~lesl). 



iitvU.a iv if pKiru ( ) '<mi,bk ihv phvsiologlf HA 
oijLtif )i V * lie tiNV !" t fji'id .ig c^pdvUv in {he 

> n ,t^a h > i. idj't f> I, 1 ^0<,«l l.\ f-\^A^f I IS 

11 . v,Cni.i > "fita !M ii44 ccjKi fit ji ,f ^puast,"\V>u< 
tvtr dit: puTuxse Eat,-cn,Jiusj.n, mi- absence of skin hyperplasia 
)t» heaith> pajt»upAiiis, m resfpoiuicr to HATi sugge^ti iJwt 
topual H\Fi ddm niMidKOiJ docs not presctit tht risk of 
»id«<.i g «tjde!>nal k- local ide fffecta 

FetK-traitioii of HA ftagwenti into the detrfjis. mA^ occur vn 
hjir toShfie> nhK. i provKle a well recoROwed tome 
miif n moit-t-ti jsi sksn per.eiratton {22] ,->nii to ild expUi j th<' 
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dcrtaaliccalizjtiomfiMPs a>idH.\fi Hcfwcvet {ht it. 
m dei-nwl HA ifjiiiciit t>i HM'i itc HXh^ t.cH ' i 
S tUJLst skn ^sbith onu js i < ^ finp <>;>■■ 

and Kar!!3iK fut 1 1 oj ■>) foi fit. f"„ kit.-, up^.^ 1 
posstbijuv loi llif p^iiK pit on >i .1 ? jcii jai !\' 
mcchau«sj« sj/^- !niitcf< liM jitnttidii' i 5 ii ^,'1^ 
pombiv passup ^hM nition HAii ^VJ >,< ; td ixi-iitt 
MAS expix-ssntT consistent vsith (ht poss.bil'tv 'i.a ) c< 
local HA svnihiM!, m,i> umtribnu to the ntreist-c* HA 
conietit- ihe satchanssm tvhtrebv HAf) tmght ujdace iocai 
HAS and hyahironidasc expiT»sso« js unknown. Keratijio- 
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Figure S. Hypothet(cai ftssewnbiy of the GD44v3Mfr:£GF/erb8T Complex and th« Mechanism of HAFH.kJucpo <?ra«r!Ocyte Proliferatiofi 

(A; C044, HA, and H6-£GF m rmmai ston {si, atf ophSc skin (b), and tottowing ueatment of atrophic sbn weated with HAf i fc}- 

(B) Scbeftiatic fepresent3t}0f> of the hypothetfcai assembfy of the putative compfex; HAh medfatcs c:D44v3 and heparan siiHatie-lJOund pfo-HS-EGF 

agsfegatiorv, resulttn^t <« ihe retfwttment and acttvation of an MMP/AOAM PrO"HB-EGj= a cfeaved by the MMP/ADAM, and the fesotijng active moiety 

binds snd activates erisBI, gsneratirig proltferatSon stgnals- 
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LMcs. and fibroblasts r 
the f-pK^cimss .iio d^i 



H \ .11 



cdi upcb ioliowing intcrnAh^Ation HA iK^dir-gocs uma 
teUuilar degradatioft tixai is possibiy mediated by endosoiiial/ 
iysosam*} hyaiurouidases [251. HAF released: by keriitmoGytes 
traverse the baisement membraHe to fiie dcrmui, where they 
a«; ekarcd via {yt»phatic vessels [26]. It would appear thai 
(nechamsms mtiepetJdcai of {JD44 tftighi sfcnse changes i« 
iocil UA eoncciuratxtn, or that HAFi sfj«i«late receptor!* 
other ifun (a>4l to lod.ui.- HA.S jnd hy,iJwromdase expjrs- 

rh> .^f ftL\t ii.fjrtm I iiiiiiJK ^nd t jinor ^xo****! ami li. 

^(■•H'^'sl J. t.-niv prfj!^ipA!c in 'hi' pifxcs^ of u^s'n 

!■-!( ^^de^ll!J, 1- >v HMU('!>^bk th^t JlJ I)' l.'jc 1. ^^^^^!^ H\ 

locai libToblasts to rt-tiec.!. a scmodeimg process, trtprgei-ing 
addiriUftrfl H.^ svnthesj* ajwi degradation. 

Frobferatran in response to HAi-f is a QJ44-dcpejidiet>t 
event Our piesent observation* provide evidirnfc thai in 
addition to C»4i, HB-E<iF, ertmi, aiid mrPs'ADAM* «e 
tf<^\«i-ed for HA- dependent i« v)trt> keTatinocytP piobff;i- 
atjoii; The abseacc of a proliferative response of CD44 ' 



kerarttjorvtc* to HB~EGF a consistent with the notion that 
iiB irH'-artion with m re<<p!OJs requirti pje^eiiia mt> 
1 > 1 <.u!f4te iidc chains otCD44v;}-eoiitam!iigjsoforffis 
e EGF iainiiv. pro-HB- 



' to other mCTObers 



Et^t V vpus«-d Jill integjai ms;»bTatte protein of Ti~tH 
kDa i2 J >si , h oik «ing ,tnx;A iuon oi h N>m m n>^<.- 
M»ders;«< s WMV 'jn . ■> < d ; i c of n at>.tc s -aM' 1- 1 
kDrfHBKd [281 AuyuLi,,s j »i ipn'Kstu>r < i H V>i 
oiigosarchandf te tilted ii * ^igiiiheaji! sn« reasc so pto~HB- 
hOF and HB-iiOF, while innibitio'. f WP ti nv b> ilVJP- 
3 abrogated the corres^xmdu.ij proldcratsve n 



lb it a 

fuel tht A! 



iht obsf r 
mg antiood.t 
of <. fM 1 

tUKYl SUD\ Of - f 

HB £(,.!■ ) ^ 

inaiifed CD4J\ i dgj^rec ii 
surlace t.omple\ n\ ki i it k 
cvbBl, Tvhich repiace^ txbB 
MMP/ADAM mediated pio e< 
CD i4-media}ed present^itio 



t rbSi- and ant* -HB-kCF-biock 
abrogating ciiect as the absence 
\if jjiol.ff'i it.on re pon'>t to 



iti t 



iSA 



p. hh.e<;f, 

vJi 8,20]. 
t HB U.i di i 
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maj tbcn itjdu<t proiiferation fFjgure 5). 
Oui obsetvanon* have defered UiMfi-4(iO,00'J Da iMP a 
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reageins capable of snducmg a proliferative response m 
"lu ivc iirf hiinan ^ktn Chnn^iy, topical ilAtft appiiratton 
jcsuUcd m »,pidenaAl fajyerpiteia with rt-SJontion tc iionml 
thickness of atrophic hiimati skia as early a» 1 mo after 
jnmation of trcatmeni. This effect was aceompaaied bv 
signjfinant tlmjtaf Hnpro^cment, sisggc-itrng shat ilAFi m-^i- 
proMde the bstiiv for the de^clopmen' of iMci ihetdpeiitJc 
<fiT<in.gn.!> foj i,k.m dcieasf <h*tacttii/id hv Atjoph^ 

Supporting information 

Figotie SI. The Eftect of TTA Oti * Moase Skin 

I Al 1 induces a reduced skm hvperplasia in CD'i4~^ totcc. 

HistoStJgKa) sections of acetone-treated (parts a and c> or IPA^ 
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jnat-'Vpi^Agei ni« iOie oJ liA mk. 4i(J < i>44 J ( 'i» It «\t 9o ai0i-a41* 
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iA) HAFf bfis jn> elfet!. on epidermal diffeienliatWTi m mouse sit«i, 
Ini!!HjSiOiio.ift ot iec jtins of vehwie treatwl tpaiu a <. and t m 
lL\Fi i-ea-cd (-jivW I d ^rH 0 OB^'J radisr ^f>nM okin witJi aiitt- 
Kll (pij-ti a ana e>s arjti fciap-gi tj (p<Jttv < j>d d> or anti-lofttim 
'^arLt e and fi iji+jbod\ Not U p i )fk <»i irti. re m ttisuunttig intensity 
aesp tc he ) jc tiv<fd t irrj'>« r u£ vuii t i 1 1 fl^ m HAFi Irtated bkin 
(B) UA,'"( ( H.i-o<i^i?„ oiU^'i, e'iiiin tnd vasculai contei i in 

ittopi! i ij in 1 M 111 ? ^< lio^i Oi ^ fopmc i< (ttiin <(jt<->ir<j \kin I 
mon!- »'i ; yjiK. -i sii.tii ws'ii \«!\!Cic ipn' j> ot i'^E HAP ^p*,ri 
[ ) vuirtti w 1 1 Sk t cd s d <>jtJ f vai CKiiiti < i y)tn><. 
ii>d di ij aiHU bli a'ltiWdv (■p^stt e «)d I N > «• tin iiurtAw: in 
dertnai cohageti, elasut; boers, and vessels after HAYi treatment. 
Foutid at doi IS 13/i.journa! poicd 00 «>-i'»^ ■^S (M^ KSJPGl 
tlgtwe S5, HAt i Induces Expression of &iM4v3 m Mouse SItm 
Western b!ot aaalvsis on the proteuii exaijetis i>f vehicle- 6r HAFi- 
treated SKiH hairteiis mice for CD'14vS. 
}{»ind n «oi iO '<?~l(iovfinsl piBedO0S0i9$<g<X>3 MM KjRjPG) 
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Editors' SumtTtary 

Batckgrouftd, Tima wr&ak$ many vhs^ges m the human b«?<jy bwt tJie 
sfarj is whefs oris <jf the first v!^fc>\ '■.■:.n<- .-t jtjing wriciktes- ■ occure, 
1^»e sf(jn cofistsis of \hfw rnBin Uiyers- Tb" Oi«e<mo« iayer the 
efdderrtiis,. it is m$ thickt-ess of a sfwet of papi- .v-'i (wi^ a bsrtsei tfiai 
prevcms the body tsjsing water or ififectioui agents entedrsg il The cefSs 
in the epictei'fTiis are tnainiy keratincwyt^- Tht-ss Sfxscisiised 5,N;in ceHs are 
eontit^ualSy produced at it\& fease of 'Jie epKfesrr'is. Frof!> ;h&f». ihe/ 
iwsfg toward the skin's siirfate whers Ihey ^-zrt- shed. Th^ f-nksdk' lisy<;f ,s 
the dsrrnis. it is about ten times ri^icicer than t{i« epsdifrsriis and coiiiain^ 
the bSood vesseb that feed the skirs. -'i«ves, sebaceous ^aiands, asul hs^j 
follides. The finsi, sijlx.titfln««ijs iayer contatru swurfti gian-is, sorre S-kSs' 
foiiieSes, biood vesseis and fat. The dermis contasfK. coita^sen fibers '.h*t 
suppon the bKin and etiiSttn fibers that provide ffexibiSSty. Human skin 
Ss^Sps V}f ia§e in early aduithoessi. By the time 3 person Is SO years cSo, 
theif «pjd^»s may be half i» ofisiiiai thkiuiess becani;* of decreased 
ice»3tSri9«JftB pjolsferatiwi, Ih-edemiis aho thit^s, and toss of caSSage-T arxJ 
«lasfi« fibests means that the skin becofries iess yihst<c. The gm6\ii'. icsis 
of eiwfefmJi and derrnb—skin a;rcjpby~is dUiica-ily importar-t t>iKa>.i'>° 
ssif>3 skin wate frsgiie and heaSs s:iowar than yoyng skin snd n shv) 
ptone to ufcefstten, 

Whjf Was Jhh Study Done? No one kfsows wf ty skin atrophy occuis, feut 
it is becortiifH) mote comrnon *s peopi*; live lontjsr, snd ttwpe is tw 
effertive treatrrtent for it- One characteristic of atrophic skin is tet 
coiTipawd to .fiormBi skin, it contains tess hyaiuronate iMsa caSed 
hyaivitoriart arsci hyaiu--onf(; actd> — a large cart/ohydfAie mmponenl of 
the extraf.eliuiar rriatrtx, the mstoriai that surrounds osiis, it afso f ontams 
less a teii-sutfece protein that interacts with hyaStifOiiat??. Xiin 
Interaction CRfs st;rnulatf! c.^ pf«!(f<?tcitiw and migfatioo. (^v<in rht:se 
obsar/ations, in shis study the researchers have investigated s<;tieihf-r 
trsat;;>o atrophic sfdn with fragments of hyaiufonate rrtight covtnieroct 

WJiat DM lh« S«s««ri!*«r* Do aorf Find? Ths researchers ssoiatt-d 
foaratinocytes ftt^m mtmi mic* «fi«i frstii CCH4-defKiwt mke (CD44~"' 
-< anj treatiid them v»«h o>ffe(eni sized fragtr^eats of hy^atutonste, 
ifilwrrHidujte s&eU hyalaronate ffdgmertts fso^sted HAFi) but «ol Sajge 



<jf siitaf! fVagjuenis inoreased the prtjiiferation of norrris! kersrinocytPs 
Ssut ftot CDWr"'" kwatTnocytes, This suggests thst proiiferattort ift 
response to HAR h CD*iMependgni, Similariy, a aeain of iHAFi appiied 
to the backs of ttom^ mice caused t^iickeiisrsg ot th«> «^id^;nT!ai iayer hut 
had fto ^BCt OR CD44"''" mice, f inaiiy, topical sppilcstsori of l-iAf i for 
one mtxttb caused stan thfckming and ciinicsi itTspfovemeot in six 
peopJe! wtfl) ^ «S«>pby btii had m effect on normai huTian skin. The 
coiiage**, etastJc fiber, a«wi biood vessei content cf the dermis sisa 
ina&ased in ttm.sA patients. By uwrsg antibodies to biocj< th« fuc.ctior^ 
of vanoys proteif?*, ti>e researc{)«fs 3iso discovered that iiepanri- binding 
e?ideB«ai growth factor {HS-EGF, a protein that stimuiates iferatincwyte 
prcslfferatiott), isbBJ {a ce!!-surface prqtein that binds HB-ECFl. end 
Tnatffe; nteta^ptoteinasesCisfote^ns that acttvate HB Kii^) are ail reqotred 
for the sti?«ofBtio« of kefsitnocyie proliferation by UAH. 

Vyiwt 0» These ftmSngs Taiiw togeth^!, these sesuits provide 

the first Stvdicatfoit that apjAcaikin of HAFi to atrophic skirt might be 
■jsefui t.herapeutiCB!iy, The absence of atiy effeci on twrrtiaj fsumari sitio is 
'passvfijig b.«t puaffRij «j!V=eit the ihidieftifig sest! in iwrniai mouse ^iti. 
so thi.s finding needs confirmation !>efore hyaiuronate fraometits are 
used cfinicaily, Lon-ger trisis in more peopie ste ai^s needed to 
t:hfif3cte«j» the dinica! ef?«cts fttily, finsily, ths m^chsn&rr. by which 
hyatufonatd ftisgreeftts hav(? their eff<Ki ne^fe to be studied In mote 
d^9th. SutJi sttJdies might t evoa! otrser pctentis! therspeutic cptisns for 
the 4r«atfner»t of skin atrs^hy, 

Additkmsl irtfo»n«tion. i^ieisse access liwse Web sites vis the oniine 
vcfsiofs <^ this surrtpnary at http;//dxdQi.Qrgi'10.137;/jouj^*>pmed. 

* >\M'!^m^iSi ejjcydopedia s>rjiry ort aging ch^ttges in skin 

« US Natsorsai inswuie on Aging, patient infofmatioii or? skin cara and 

» Araertcan Acusderrty of Dormatoksgy, patient infotmat'on on aging sftin 
« infwrrnstfon ;Wt:;Ci34*i, the: i'VJiurcn^n receptor, providfcd by 
<3^«f{sttirR a source <^ ^lorwatiori on glytassiotog^- 

• VVSfcpiedia p^^s 9n skin; and on hyalurotsan imt& that W(ldp«<dia is a 
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